Abstract: Sustaining rice (Oryza sativa L.) productivity at high level is a great challenge, particularly in areas where rice productivity declines in spite of following recommended nutrient management practices. Nutrient management by integrating organic manures, inorganic fertilizers and biofertilizers may play an important role in improving and sustaining rice productivity. In this study, the authors tried to evaluate the suitable proportion of organic manures and inorganic fertilizers along with biofertilizer to maximize growth and productivity of hybrid rice on sandy-loam lateritic soils of West Bengal, India. The crop having 50% recommended dose of fertilizer (RDF) + 50% recommended dose of nitrogen (RDN) through mustard oil cake (MOC) and 75% RDF + 25% RDN through MOC + biofertilizer significantly increased plant height, number of tillers/m 2 , leaf area index (LAI), dry matter accumulation (DMA) and crop growth rate (CGR) at initial and vital period of grain growth over those of 25% RDF + 75% RDN through MOC and 100% RDN through MOC. The former two treatments also increased number of panicles/m 2 and number of grains/panicle over those of only organic manuring (100% RDN) or only chemical fertilization (100% RDF) or 25% RDF + 75% RDN through MOC. Crop with 75% RDF + 25% RDN through MOC + biofertilizer or 50% RDF + 50% RDN through MOC produced 20.2%-33.8% higher grain yield and 11.0%-33.3% greater straw yield, and paid higher gross and net returns over other treatments. This study suggests growing hybrid rice with 75% RDF + 25% RDN through MOC + biofertilizer or 50% RDF + 50% RDN through MOC for better growth, higher productivity and greater profit.
Introduction


Rice is the staple food crop of the world, cultivated in about 163.2 million ha with a production of 719.7 million tons of grains. India is the second most populous nation and the largest producer of rice in the world after China. India produces about 152.6 million tons from 42.5 million ha with an average productivity of 3.57 tons/ha; while, China produces 204.3 million tons from 30.3 million ha with an average productivity of 6.73 tons/ha [1] . China's increased rice productivity is propelled with hybrid rice. China had extended hybrid rice cultivation over half of its total rice land by 1990 to emerge as the world's largest rice producer. Hybrid rice cultivation technology was fully utilized and subsequent low nutrient use efficiency [10] . It is high time to search for innovative practices, which can guarantee higher yields with minimal deterioration of natural resources. Integrated nutrient management has been shown to considerably improve rice yields by minimizing nutrient losses to the environment and managing the nutrient supply, and thereby results in high nutrient use efficiency [11] [12] [13] . Recent field experiments have demonstrated that integrated nutrient management can lead to significant increase in crop yields while substantially reducing nutrient losses [14] [15] [16] .
Most studies on optimizing nutrient management in hybrid rice were conducted with temperate hybrid rice in China [17] [18] [19] [20] . These strategies cannot be adopted directly for tropical hybrid rice. Physiology-based management strategies need to be developed for maximizing the yield of tropical hybrid rice [20] [21] [22] . Recognizing the potential of hybrid rice to enhance production and productivity, the strategies to be taken are exploitation of local hybrids and improving nutrient management practices by integrating organic and inorganic fertilizers for sustaining supply of plant nutrients, particularly NPK [5, 23, 24] . The nutrients, their sources, method and time of application form an important component of fertilizer management strategies [16, [25] [26] [27] . Oil cake is considered as the concentrated organic manure due to its high amount of nutrients content. In addition to N, P and K, it also supplies considerable amount of secondary and micronutrients, and causes the improved growth and high yield of various crops. Information regarding integrated use of organic and inorganic sources of plant nutrients to hybrid rice is limited in Indian subtropics. The response of recent rice hybrids to various proportions of organic and inorganic sources of nutrients has to be attempted to elicit information on the optimum proportion of organic and inorganic nutrients to rice hybrid. With this view, the present investigation was carried out in Eastern Indian subtropics to have a better understanding of improving nutrient management in hybrid rice for better growth, greater productivity and higher profit. 
Materials and Methods
Experimental Site
Experimental Design and Treatments
The experiment was laid out in randomized 
Crop Management Practices
Rice (PHB 71) seedlings were raised in dry nursery beds. The main field was prepared by two crosswise ploughing by tractor drawn plough, followed by puddling with power tiller. The manures and fertilizers were applied in the form of MOC, urea, single super phosphate and muriate of potash as per treatments.
Full dose of MOC, P and K and one-thirds dose of N were applied as basal before planting. The remaining N fertilizer was applied in two equal splits at mid-tillering and heading stages. The crop was transplanted on the 4th week of July during both the years at 20 cm  15 cm spacing with 21-days-old seedling one in each hill. Azotobactor biofertilizer of 0.5 kg/ha was applied after mixing thoroughly with 5.0 kg/ha vermicompost as per treatments at 30 days after planting (DAT). In addition to rainfall, the crop received four irrigations at early tillering (14 DAT), panicle initiation (48 DAT), grain formation (70 DAT) and grain filling (85 DAT) stages in 2011 and three irrigations at maximum tillering (35 DAT), flowering (63 DAT) and grain filling (85 DAT) stages in 2012 for maintaining the field under saturated condition from planting to 25 days after flowering (DAF). Spraying of dimethoate 30 EC of 0.03% was done at heading stage to protect the crop against the attack of gundhi bug (Leptocorisa varicornis) during both the years.
Observations Recorded
The observation on plant height was recorded from 10 hills, which were randomly selected from each plot at different stages, and average number of tillers from Effect of Integrated Nutrient Management on Growth and Productivity of Hybrid Rice 300 the same hills was also recorded at 45 DAT. Plant samples for biomass was collected from five hills of ear-marked area in each plot and fresh weights were recorded. The plant samples were then separated into stem (leaf sheath + culm), green leaves (lamina) and panicles, and kept in separate paper packets, which were put in an oven for drying at 65-70 °C till constant weights were obtained. The dry weight of leaves, stems and panicles were noted and converted into g/m 2 . The sum of the dry weights was taken as the total dry matter accumulation (DMA). The dry weight of leaves was used for determining leaf area index (LAI) as suggested by Watson [28] . DMA at different stages was used for determining crop growth rate (CGR). Yield components, like number of panicles/m 2 and panicle length (cm), were recorded from 10 hills selected randomly in each plot at maturity. Filled grains/panicle was recorded from 10 panicles of the selected hills at maturity. The test weight (1,000-grain weight) was estimated by Eq. 
The crop was hand-harvested from 8 m 2 area in each plot at maturity. Grain and straw yields were estimated after threshing, cleaning and drying of grain and straw. The harvest index was computed as Eq. (2):
Economic and Statistical Analysis
The cost of cultivation and gross returns for different treatments were calculated, taking into account the government approved rate and prevailing price of different inputs and outputs in the local markets. The authors have computed the cost of different cultural operations on the basis of fixed cost and variable cost. The cost of common cultural operations for all the treatments, such as seeds and seedling raising, uprooting, main field preparation, transplanting, irrigation, weeding and plant protection, are put under fixed cost, and those varying with treatments, like the costs of fertilizer and its application, harvesting and processing costs, are put under variable cost. The cost for harvesting and processing depends on the amount of yield. Therefore, cost per unit yield for harvest and processing was calculated using measured mean yield of rice under various treatments in combination with the published standard costs for harvesting and processing of the crop [29] . A summary of hybrid rice production cost is shown in Table 1 . The gross return from each plot was calculated taking into account of grain and straw yield multiplied by their respective price. Net return was calculated by deducting the production cost from the gross value of the produce, including by-product value (gross return). The return per dollar invested was estimated dividing the gross return with respective cost of cultivation.
The data were statistically analyzed by standard analysis of variance technique for randomized complete block design as suggested by Gomez, K. A. and Gomez, A. A. [30] , and the treatments means were compared based on the least significant difference (LSD) at 0.05 level of probability.
Results and Discussion
Growth Attributes
Nutrient management showed significant effect on increasing plant height, tillering, LAI, DMA and CGR of hybrid rice. The crop receiving only organic manure (100% RDN through MOC) or 25% RDF + 75% RDN through MOC produced dwarf plants at all the growth stages (tillering (25 DAT), flowering (65 DAT) and maturity (105 DAT)) and less number of tillers/m 2 as compared to those of all other fertility treatments under the study. The plant height at all the above stages and number of tillers/m 2 , however, did not differ significantly among the other fertility treatments ( Table 2 ). The LAI increased steadily up to flowering stage (65 DAT) and thereafter it decreased sharply towards maturity in all the treatments. Significantly greater values of LAI were recorded in crop with 50% RDF + 50% RDN through MOC, 75% RDF + 25% RDN through MOC + biofertilizer, 100% RDF + 25% RDN through MOC and 100% RDF + 25% RDN through MOC + biofertilizer than those of other nutrient management practices at all the growth stages, except maturity during both the years (Table 3) . However, the LAI did not differ much among the above treatments in all the cases. Similarly, the other treatments (100% RDF, 75% RDF + 25% RDN through MOC, 25% RDF + 75% RDN through MOC and 100% RDN through MOC) did not cause much variation in LAI of hybrid rice at all the growth stages during both the years. The results showed that replacement of higher amount of N through organic manure (75%-100% through MOC) was not helpful in increasing plant height, tiller production and LAI of hybrid rice; rather it reduced the plant height, tiller production and LAI values. This might be due to its inability to supply nutrients as per demand of hybrid rice because of its slow release particularly at the early vegetative stages. The duration of LAI maintaining above 5.0 is more important than the maximum LAI on influencing the crop productivity [17, 31] . In this study, the former four nutrient management practices (T1-T4) maintained LAI values over 5.0 from panicle initiation (45 DAT) to flowering (65 DAT) that might lead to high productivity of hybrid rice. Increasing 25% N application through MOC over 100% RDF was found not beneficial for increasing LAI of hybrid rice over that of the crop having 50% RDF + 50% RDN through MOC under the study. The results concur with Huang et al. [19] and Shah and Kumar [32] . Positive and significant effects of nutrient management practices were also noticed on DMA in hybrid rice. DMA increased gradually and steadily as the crop progressed towards its maturity, and the highest DMA was recorded at maturity. DMA increased steadily due to replacing fertilizer N up to 50% by MOC. Further increase in replacement of N by 26 .7 kg/ha P and 50 kg/ha K; RDN = 120 kg/ha N through MOC; SEM = standard error of mean; NS = not significant. RDF = 120 kg/ha N, 26.7 kg/ha P and 50 kg/ha K; RDN = 120 kg/ha N through MOC; SEM = standard error of mean.
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MOC (75%-100% MOC) was not helpful in increasing DMA of hybrid rice; rather it had adverse effect of reducing the DMA of this crop (Table 4 ). The DMA recorded in crop receiving 50% RDF + 50% RDN through MOC, 100% RDF + 25% RDN through MOC, 75% RDF + 25% RDN through MOC + biofertilizer and 100% RDF + 25% RDN through MOC + biofertilizer was significantly greater than those of the crop having other nutrient management practices (100% RDF, 75% RDF + 25% RDN through MOC, 25% RDF + 75% RDN through MOC and 100% RDN through MOC) at all the growth stages during both the years. But, the DMA did not vary significantly among the above treatments. Similarly, the DMA did not differ significantly among the other nutrient management practices at all the growth stages of both the years. The CGR of hybrid rice did not vary significantly among the different nutrient management practices during all the growth periods of both the years, except for the period of grain filling (65-85 DAT) in 2012, while the crop with 50% RDF + 50% RDN through MOC, 100% RDF + 25% RDN through MOC, 75% RDF + 25% RDN through MOC + biofertilizer and 100% RDF + 25% RDN through MOC + biofertilizer recorded significantly higher CGR values than those of the crop with 25% RDF + 75% RDN through MOC and 100% RDN through MOC (Table 5) . The above treatments, however, had a tendency of producing higher CGR values than other treatments during most of the periods of both the years. As the rate of DMA followed almost a similar trend in most of the nutrient management practices, it nullified the response of CGR to the different treatments. High DMA and LAI at vegetative stage enhanced tillering that caused further increase in DMA during the reproductive period leading to greater spikelet formation, better grain development and higher crop productivity [6, 14, 33] . The results of this study also showed that integrated use of 50% RDF + 50% RDN through MOC and/or 75% RDF + 25% RDN through MOC + biofertilizer enhanced DMA that ultimately helped in increasing the productivity of hybrid rice.
Yield Components
The yield components, like number of panicles/m 2 , panicle length and number of grains/panicle varied significantly among the different nutrient management practices; but, the test weight of grain did not vary much among them. Crop receiving 50% RDF + 50% RDN through MOC, 100% RDF + 25% RDN through MOC, 75% RDF + 25% RDN through MOC + biofertilizer and 100% RDF + 25% RDN through MOC 2 NS RDF = 120 kg/ha N, 26.7 kg/ha P and 50 kg/ha K; RDN = 120 kg/ha N through MOC; SEM = standard error of mean; NS = not significant. 26 .7 kg/ha P and 50 kg/ha K; RDN = 120 kg/ha N through MOC; SEM = standard error of mean; NS = not significant.
+ biofertilizer produced significantly higher number of panicles/m 2 , longer panicles and greater number of grains/panicle than those obtained with the other treatments during both the years (Table 6 ). Only organic manuring (100% RDN through MOC), only chemical fertilization (100% RDF), combination of 75% RDF + 25% RDN through MOC and 25% RDF + 75% RDN through MOC were found less efficient in improving yield components of hybrid rice. Test weight is a very stable varietal character and does not vary much among the nutrient management practices. High LAI functioning over the period of panicle formation and grain filling of hybrid rice under the above nutrient management practices was mainly responsible for producing longer panicles, greater number of panicles/m 2 and higher number of grains/panicle in hybrid rice. The results are in conformity with the findings of Acharya and Mondal [34] and Dass et al. [35] . Only organic manuring recorded the lowest values of these yield components of hybrid rice, indicating its inability of supplying plant nutrients in accordance with the demand of hybrid rice.
Crop Productivity
Nutrient management showed significant effect on grain and straw yield of hybrid rice, but did not affect the harvest index of the crop. Crop receiving 75% RDF + 25% RDN through MOC + biofertilizer produced the highest grain (8.81, 9.64 and 9.23 ton/ha in 2011, 2012 and pooled data, respectively) and straw (9.18 ton/ha and 9.95 ton/ha in 2011 and 2012, respectively) yields, which was closely followed by the crop having 50% RDF + 50% RDN through MOC (8.66, 9.62 and 9.14 ton/ha grain, and 8.94 ton/ha and 9.74 ton/ha straw, respectively), 100% RDF + 25% RDN through MOC + biofertilizer (8.25, 8 .95 and 8.50 ton/ha grain, and 8.98 ton/ha and 9.71 ton/ha straw, respectively) and 100% RDF + 25% RDN through MOC (8.26, 8 .96 and 8.51 ton/ha grain, and 8.86 ton/ha and 9.47 ton/ha straw, respectively). The above fertility treatments recorded significantly higher grain and straw yields over those of other treatments except 75% RDF + 25% RDN through MOC during both the years and also in pooled analysis ( Table 7 ). The crop with only organic manuring (100% RDN through MOC) or only chemical fertilization (100% RDF) or 25% RDF + 75% RDN through MOC produced very low grain and straw yields as compared to other fertility treatments during both the years. The results showed that replacement of 25% N by organic (75% RDF + 25% RDN through MOC + biofertilizer) and/or replacement of 50% N by organic (50% RDF + 50% RDN through MOC) were most conducive for obtaining high grain and straw yield of hybrid rice. Crop receiving these treatments recorded high LAI functioning over the vital period of panicle initiation to grain filling, increased CGR during the periods of panicle initiation to flowering and flowering to grain filling that helped in increasing plant height and panicle production and ultimately improved crop productivity. It was reflected by very strong and positive correlations between LAI at 65 DAT and plant height at 65 DAT and 85 DAT, between CGR during 45-65 DAT and plant height at 65 DAT and 85 DAT, between LAI at 65 DAT and CGR during 45-65 DAT, between LAI at 85 DAT and CGR during 65-85 DAT and between CGR during 65-85 DAT and panicles/m 2 ( Table 8 ).
Grain yield also showed very strong and positive relations with plant height at 85 DAT (r 2 = 0.452*), 26 .7 kg/ha P and 50 kg/ha K; RDN = 120 kg/ha N through MOC; SEM = standard error of mean; NS = not significant. Number of observations = 24 *Indicates the significant at 0.05 probability level and **indicates the significant at 0.01 probability level. 
Economics of Hybrid Rice Cultivation
The economics of hybrid rice cultivation followed a trend similar to that of the crop productivity and did not vary between the two years. The average values of economic data over two years were presented in Fig. 2 . The results showed very striking effect of nutrient management practices on economics of hybrid rice cultivation. The cost of cultivation increased steadily due to increase in the rate of MOC application, and the maximum cost involved with the use of 100% RDN through MOC ($1,304) was significantly greater than that of all other fertility treatments. Application of 75% RDN through MOC + 25% RDF through chemical fertilizers also recorded markedly higher cost of cultivation ($1,129) over the remaining fertility treatments. High cost of MOC and its high quantity to makeup recommended N dose were responsible for high cost of cultivation. Application of 100% RDF recorded the lowest cost ($565) of hybrid rice cultivation among all other fertility treatments.
The nutrient management practices showed significant effect on gross and net returns from hybrid (Fig. 2) . The results agree with the findings of Koch et al. [40] . Return per dollar invested followed an interesting trend. The crop at 100% RDF paid the highest return per dollar invested ($3. 
Conclusions
It may be concluded from the present study that integrated use of 75% RDF + 25% RDN through MOC + biofertilizer or 50% RDF + 50% RDN through MOC be required for improving growth attributes, yield components and productivity of hybrid rice. It also paid high gross and net returns with good return per dollar invested. The study recommends the integrated use of 75% RDF + 25% RDN through MOC + biofertilizer or 50% RDF + 50% RDN through MOC for better growth, higher productivity and greater profit from hybrid rice.
